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1. The SM Higgs boson

Problem: Gauge fields Z, W“‘, W™ are massive
explicite mass terms in the Lagrangian < Dbreaking of gauge invariance

Solution: Higgs mechanism
scalar field postulated, mass terms from coupling to Higgs field

Higgs sector in the Standard Model:

Scalar SU(2) doublet: & = 0 N
¢ L2 .-'
Higgs potential: % 2
.5 ;M0
2 . ;
V(g) = p?|oTo|+ A |l A>0 T ;
H<0
u2 < 0: Spontaneous symmetry breaking - -
2 D]
minimum of potential at D) = = S
p (®o)l =\ 5 =5\
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b = L 0 (unitary gauge)
V2 \ v+ H

H: elementary scalar field, Higgs boson

LLagrange density:
Lhiggs =  (Du®) T (DMD)
— 94QrPdRr — guQrPcur
— V(@)
with
iD, = i — goIW —g1YB

) 1 uy, )
iy Q| ) e~ L Do~
L (Y

Gauge invariant coupling to gauge fields
= mass terms for gauge bosons and fermions

$
||
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Theory bounds on My:

Perturbativity of Higgs self-coupling & Stability of Potential:
my = 174 GeV
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/\: scale up to which the SM is valid
N\ = MGUT = 130 GeV SJ MH SJ 180 GeV
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Indirect bounds on My: Electroweak Precision Observables (EWPO):

Comparison of electro-weak precision observables with theory:

EW Precision data: T heory:
My, Sin? Oefs, ay — | SM, MSSM , ...

U

Test of theory at quantum level: Sensitivity to loop corrections, e.qg. H

SM: limits on Mgy
Very high accuracy of measurements and theoretical predictions needed
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Example: prediction of My,

Theoretical prediction for My, in terms of My, o, Gy, Ar:

M3z 1—M—V2V (14 A7)
v(1-3z) = e,

)

loop corrections

Evaluate Ar from pu decay = My,

One-loop result for My, in the SM:
[A. Sirlin '80] , [W. Marciano, A. Sirlin '80]

2

AT _joop = Ao — ET://VVA/) +  Arrem(Mp)
M
~ 6% ~ 3.3% ~ 1%
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Comparison of SM prediction of My, with direct measurements:

1195 s@y

2 2 M
> D '09< H)
C\w Myy

Ar = —

96

general for EWPO:

M
%%

leading term: log(My)

first term ~ M7 with g5

= light Higgs boson preferred

1 —LEP1 and SLD
80.54 LEP2 and Tevatron (prel.)
68% CL

80.3

175
m, [GeV]

150

[LEPEWWG '07]
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Results for My from other EWPO:

light Higgs preferred by:
My, AFR (SLD)

heavier Higgs preferred by:

AFB (LEP)
= keeps SM alive

= light Higgs boson preferred
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Global fit to all SM data:

[LEPEWWG '07] 6 M, = 144 GeV
= My =76133 Gev | '8 Ao = .

S — 0.02758+0.00035 /[ :
My < 144 GeV, 95% C.L. 7 0.02749:0.00012 B : '
4 - *+ incl. low Q° data jff : —
N>< |

3 3
Assumption for the fit: 2 |
SM incl. Higgs boson |
1_ —
= no confirmation of | : .
Higgs mechanism 0 Excluded \\ Preliminary
30 300

m, [GeV]

= Higgs boson seems to be light, My < 150 GeV
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Current status (latest results) of SM Higgs search:
[CDF, DO '06]

= “F Tevatron Run Il Preliminary]
= 350 1
[= . . D@ Expected J Ldt=0.3-1.0 fb
o 30 - E ------ CDF Expected
O "L @@ s Tevatron Expected
I 4
0 25 ’_’_J-—E‘—:j mmmm Teovatron Observed
LT
20} 4

'?UU - -'HU 120 130 140 150 160 170 180 190 200
my, (GeV/c?)

Can YOU close the gap?
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Remember your promise:
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Remember your promise:
combined CDF /DO thresholds

— 95% CL Ilimit
—— 30 evidence

@)
o
—

s 10% '

*% 30 fb!
3 _
. iy
€

= |

o 2 fb!
S

O

o

<

—— 50 discovery

80 100 120 140 160 180 200
Higgs mass (GeV/c?)

Unfortunately: luminosity problems in the start of Runll
= progress slower than anticipated

For SM Higgs boson with Mg ~ 120 GeV:
~ 2008/09: sensitivity for 95% C.L. exclusion

~ 2009: sensitivity for 30 evidence
or exclude SM Higgs with My < 130 GeV
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Remember your promise:
combined CDF /DO thresholds

@
N

Go for it !

— 95% CL Ilimit
3 —— 30 evidence

—— 50 discovery

o
(@

integrated luminosity /expt. (fb™)
)

Higgs mass (GeV/c?)
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130 b~

{10 fb™!

2 fo™!

Unfortunately: luminosity problems in the start of Runll

= progress slower than anticipated

For SM Higgs boson with Mg ~ 120 GeV:

~ 2008/09: sensitivity for 95% C.L. exclusion
~ 2009: sensitivity for 30 evidence

or exclude SM Higgs with My < 130 GeV
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2. A SM-like MSSM Higgs boson

Supersymmetry (SUSY) : Symmetry between

Bosons «— Fermions

Q |Fermion) — |Boson)
@ |Boson) — |Fermion)

Simplified examples:
Q |top, ty — |scalar top, t)

@ [gluon, g) — [gluino, g)
= each SM multiplet is enlarged to its double size
Unbroken SUSY: All particles in a multiplet have the same mass

Reality: me #= mz; = SUSY is broken . ..

... Via soft SUSY-breaking terms in the Lagrangian (added by hand)

SUSY particles are made heavy: Mg gy = O(1 TeV)
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Supersymmetry: Motivation

The SM is in a pretty good shape.

Why MSSM? (Is it worth to double the particle spectrum?)

1.) Stability of the Higgs mass
against higher-order corr.

2.) Unification of gauge couplings:

Unification of the Coupling Constants
in the SM and the minimal MSSM

Not possible in the SM, but in Seof Vo
the MSSM (although it was not % >~ |
designed for it.) 40
3.) Spontaneous symmetry breaking |
via Higgs mechanism is 2
automatic in SUSY GUTs 0 |
4.) SUSY provides CDM candidate "o 510 Bo
5) ... [Amaldi, de Boer, Flirstenau '92]
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The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles

:u, d,c,s,t, b:L,R € 1, T LR :VeaﬂaT:L Spin %
i, d, , 68, . 807, L Tepr|,  Spin 0
g W, 0+ ~y,z,1H7, HS Spin 1 / Spin O
g 55%,2 55?,2,3,4 Spin %

Enlarged Higgs sector: Two Higgs doublets

Simplified versions of the MSSM: unification at (some) GUT scale

— CMSSM/mSUGRA
— GMSB = most pheno analyses build on these models

— AMSB
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t/b sector of the MSSM: (scalar partner of the top/bottom quark)

Stop, sbottom mass matrices (X¢ = A, — p*/tan @, X, = A, — pu*tan g):

5 M£2 + mg + DT, my X/ 0; mt2 0
Mz = L _t 1
m X Mg+ mf + DTy, 0 mz
5 ]\452 -+ mb2 + DTy, my X, 0; m% 0
ME — L — 1
my X}, MBQR + mf + DTy, 0 m%z

mixing important in stop sector (also in sbottom sector for large tan )

soft SUSY-breaking parameters A;, A; also appear in qﬁ-f/'l; couplings

SU(2) relation = My, = MBL

= relation between mfl,mfz,é’g, m517m62795
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Enlarged Higgs sector: Two Higgs doublets

oo (H%)_(Ul—l-(%-l-ixﬂ/\/i)
1 = = o
1

= (3) (vt o)
° Hz vo 4+ (P2 +ix2)/V?2

V = miH{H1+ m5HyHy — mis(ep HYHS 4 h.c.)

2 2 2
91+ g - = g —~
+ =2 (Hy Ay — Hoflp)? + 2 |Hy ol
A ~~ J/ v
gauge couplings, in contrast to SM

physical states: h°, 79, A9 H+
Goldstone bosons: G, G+

Input parameters: (to be determined experimentally)

tan 3 :z—i, M% = —m2,(tan 8 + cot 3)
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A SM like MSSM Higgs boson:

T he decoupling limit:

For M, > 150 GeV:

The lightest MSSM Higgs is
SM-like

The heavy MSSM Higgses:
Mpy~ Mg~ Mg+

of course there are exceptions . ..

500 _I T | FTTT | FTTT | FTTT | L FTTT T T FTTT T 7
aso. m ™ scen., tanB=5 e

= —n z

400 H b

- —a z

350 :— — " _:

% 300 : .
O 5
o T ]
2 250 — _
I C 4
= N i
200 - -
150 - ]
100 ]

FeynHiggs2.2 ]
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M, [GeV]
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Upper bound on Mj; in the MSSM:

“Unconstrained MSSM' :
M 4, tan 3, 5 parameters in t—b sector, pu, mg, Mo

for my = 170.9 £ 1.8 GeV

(including theoretical uncertainties from unknown higher orders)
— observable/exclusion at the Tevatron?

Obtained with:

FeynHiggs

[S.H., W. Hollik, G. Weiglein '98, '00, '02]
[T. Hahn, S.H., W. Hollik, G. Weiglein '03 — '07]

www.feynhiggs.de

— all Higgs masses, couplings, XSs, BRs (easy to link, easy to use :-)
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2A) SM-like MSSM Higgs: exclusion potential

Three facts and one conclusion:

Fact # 1: your promise:
~ 2009:
exclude SM Higgs with My < 130 GeV

Fact # 2: our calculation:
“Unconstrained MSSM" :

Fact # 3: simplified versions:
unification at (some) GUT scale

— CMSSM/mSUGRA

— GMSB

— AMSB

= most analyses build on these models

= Conclusion?

@
o
T

xQ
o

integrated luminosity /expt. (fb™)
D

)
N

combined CDF /DO thresholds

130 fb~

410 fb™!

{2 fb™

— 95% CL limit
—— 30 evidence
—— 50 discovery

00 120 10 160 180 200
Higgs mass (GeV/c?)
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Conclusion: Search for a “SM-like"” light Higgs:

Prediction in “simplified” versions of the MSSM:
(m;*P = 170.9 GeV, dm;® = 1.8 GeV, Mgysy < few TeV)
[A. Dedes, S.H., S. Su, G. Weiglein '03] [S.H., W. Hollik, G. Weiglein '04, 05]

max. M, [GeV] | dM;,/dms | for meP 4 26my

MSUGRA/CMSSM 124.5 0.65 126.9
MGMSB 118.8 0.70 121.3
MAMSB 120.5 0.58 122.6

Exclusion potential of the Tevatron: MM < 130 GeV

MSUGRA/CMSSM, mGMSB, mAMSB: no suppression of hVV coupling
= SM bound applies

— Tevatron can exclude mSUGRA/CMSSM, mGMSB, mAMSB, ...

= potentially huge impact on search strategies at LHC
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2B) SM-like MSSM Higgs: discovery potential

Precision Observables (POs):

Comparison of electro-weak precision observables with theory:

EW Precision data: Theory:
My, sin? Ousr, ay — | SM, MSSM , ...

U

Test of theory at quantum level: Sensitivity to loop corrections

MSSM: limits on new model parameters
Very high accuracy of measurements and theoretical predictions needed
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Example: Prediction for My, in the SM and the MSSM

[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]

80.70

80.60

80.50

M,, [GeV]

80.40

80.30

80.20

SM
MSSME
both models E

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7

160 165 170 175 180

m, [GeV]

185

MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MM
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '03]

experimental errors 68% CL.:
LEP2/Tevatron (today)

80.70

80.60
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M,, [GeV]

80.40
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80.20

MSSM

Heinemeyer, Weiglein '03
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180

190

MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MM
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '04]

experimental errors 68% CL.:
LEP2/Tevatron (today)
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Heinemeyer, Weiglein '04
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MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MM
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '05]

experimental errors 68% CL.:
LEP2/Tevatron (today)
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variation of MM
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '06]

experimental errors 68% CL.:
LEP2/Tevatron (today)

80.70

80.60
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O,
=
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80.20 both models [ 1
| | | |Heinemeyer’ \ll\/eiglein o -
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MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MM
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '06]

[ T I I I | I I I I | I I I I I I I I I I I ]
80.70 L experimental errors 68% CL.: ]
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80.60 —
< _
o 8050
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80.20 both models EEEE ]
| Heilnemeyer, Hollik, |Stockinger, Webler, Weiglein '06 7]
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MSSM is SM-like

SM band:
variation of MM
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '06]

[ T I I I | I I I I | I I I I I I I I I I I ]
80.70 L experimental errors 68% CL.: ]
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80.60 —
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=
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| Heilnemeyer, Hollik, |Stockinger, Webler, Weiglein '06 7]
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SM band:
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '06]
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]

[ T I I I | I I I I | I I I I I I I I I I I ]
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]

I I I | I I I I | I I I I I I I I I I I I
experimental errors 68% CL.:
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]

experimental errors 68% CL.:

80.70
LEP2/Tevatron (today)
Tevatron/LHC

80.60 ILC/GigaZ

80.50

M,, [GeV]

80.40

80.30

both models E

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7
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Prediction for sin? 6. in the SM and the MSSM :
[S.H., W. Hollik, A.M. Weber, G. Weiglein '07]

02335 B | | | | | | | | | | | [ [ [ | [ [ [ [ | [ [ [ [ ]
[ Heinemeyer, Hollk, experimental errors 68% CL: ]|
Weber, Weiglein '06
0.2330 LEP2/Tevatron (today) 7
: Tevatron/LHC i MSSM band:
02505 ! ILC/GigaZ i scan over
| ] SUSY masses
= ]
o®0.2320 . .
N overlap:
0

SM is MSSM-like
MSSM is SM-like

02310 |

, SM band:
Cof variation of MBM

0.2305 m - , n. Z’-Z SO

160 165 170 175
m, [GeV]
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Prediction for My, and sin? 64 in the SM and the MSSM
[S.H., W. Hollik, A.M. Weber, G. Weiglein '07]

0.2330 I I I I | I I I I I I I I I I I I | I I
: Heinemeyer, Hollik, :
- Weber, Weiglein '06 i —
02325~ gm (M,, = 114...400 GeV) MSSM -]
- both models E . MSSM band:
0.2320 m, =165 ... 175 GeV scan over
N ] SUSY masses
£0.2315 [ ]
D N i
“c N ] overlap:
U) B 7] . .
0.2310 - VISS o SM is MSSM-like
I 2 1 MSSM is SM-like
| Ao 3P —
0.2305 % -
. experimental errors 68% CL.: @g\e i SM band:
0.2300 LEP2/Tevatron (today) 8 ~ variation of MEIM
E Tevatron/LHC E
02295~ —— ILC/Gigaz | e
80.2 80.3 80.4 80.5 80.6

M,, [GeV]
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Global fit to all SM data:
[LEPEWWG '07]

6 m i = 144 GeV
= My = 76132 GeVv ] pa®, = |
S — 0.02758+0.00035
My < 144 GeV, 95% C.L. T e '
4 - -+ incl. low Q° data —
N>< |
2 3
Assumption for the fit: 2 |
SM incl. Higgs boson |
1 - _
= no confirmation of | : .
Higgs mechanism 0 Excluded \\ Preliminary
30 300
m, [GeV]
= Higgs boson seems to be light, My < 150 GeV
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Global fit to all SM data:
[LEPEWWG '07]

6 m i = 144 GeV
= My = 76132 GeVv ] pa®, = |
S — 0.02758+0.00035
My < 144 GeV, 95% C.L. T e |
4 - -+ incl. low Q° data —
N>< |
2 3
Assumption for the fit: 2 |
SM incl. Higgs boson |
1 - _
= no confirmation of | : .
Higgs mechanism 0 Excluded \\ Preliminary
30 300
m, [GeV]
= Higgs boson seems to be light — too light?
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Results: CMSSM: “blue band” for M,

tang =10 tan 3 = 50
i L | L | T I.I T | L | L L | [ T T T 1 | T T T 1 | T T T 1 |8% T or T | T T T T T T ]
14|~ CMSSM, p>0, m =171.4 GeV - 14— CMSSM,p>0,m =1714 et e -
- o E - 0 g T
" e tanB=10,A,=0 e ° il - o tanp=50,A,=0 : il
- . i . ¢ 1
121- ¢ tanB=10,A, = m,, . N 12—, tanB=50, A = +m,, 2 N
[ o tanp=10,A,=-m e i o tanB=50,A,=-m , i
101~ tang =10, A,=t2mgy, ¢ N 1074 tanp =50, A,=+2m,, ]
X [ otanB=10,A =-2m; ° 1 = [ otanp=50,A,=-2m,, ]
© 4 ©
© 8r ° I < 8r I
S I ¢ 1 L8 I ]
N - o L . N L ]
- R _ - _
- O - — -
- O . - — -
i o e i ‘i i
[ 4
- o ¢ 1 - i
L oO % ° i L i
21— S - 2 —
_ X _ - _
O . I I | | I I | | I I | | I I | | I I | | I I | | O [ 111 | | 111 | | 111 | | 111 | | 111 | | 111 | |
95 100 105 110 115 120 125 95 100 105 110 115 120 125
M, [GeV] M, [GeV]

= much “better’” than in the SM
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Results: CMSSM (including LEP bounds): prediction for M,

tan 8 = 10

i T 1T T 1T | T 1T Cl: T 1T | T 1T T 1T ]
14 - =
12 - =
10~ -
= I i
S 8 B
9 - -
“x< [ CMSSM,pu>0,m=1714GeV 4 B
| e tanf=10,A,=0 .,,‘: i
4 [ e tanB=10,A,=+m,, ]
| o tanB=10,A,=-m,, ]
o[ o tanB=10,A =+2m, ]
i tanf =10, A;=-2m,, ]

O | | | | | | | | | | | | | | | | |

95 100 105 110 115 120 125

M, [GeV]

)(2 (today)

tan g =50
i T 1T T 71 | T 1T T 71 | T 1T T 71 | T g Ia T | T 1T T 71 T 1T T 71 ]
14~ @ -
: % '
i 3 . P _
12 - 8@% ’i " o ]
- @%f. , " -
L @ @ . P _
10— 0o % / =
L o U -
L 8 % 9 i
L 8 ° @ 4
81— ° ? —
i 5 3 ]
- CMSSM,pu>0,m =171.4GeV © g s -
61— t 9% o —
| o tanB=50,A,=0 J i
4 | o tanB=50,A =+m,, ]
[ o tanB=50,A,=-m,, i
o[ e tanB=50,A,=+2m,, ]
L o tanf3 =50, Ay=-2m,, i
i | I I | | | I I | | | I I | | | I I | | | I I | | | I I | ]

0
95

100 105 110
M, [GeV]

= preference for My ~ 115 GeV (LEP ...)

115 120
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Results: CMSSM (including LEP bounds): prediction for M,

tang =10 tan g =50
i T 1T T 71 T 1T T 71 | T 1T T 71 Cl: T 1T 1T | T 1T T 71 T 1T T 71 | [ T 1T T 1 | T 1T T 1 | T 1T T 1 | T g I% T | 1T T T 1T T T ]
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ar ® ) ] 2r 8§% s / o ]
i AN 1 i @%" 210
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= preference for My ~ 115 GeV (LEP ...)
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3. The light heavy MSSM Higgs bosons

Search modes:

bb— bbb,
pPp— @ —T

¢=hH A

+

Y

¢ =h,H,A

Strong enhancement compared to the SM:

o(bbA) x BR(A — bb)

o(gg,bb — A) x BR(A — 7'+7'_)

20(3

~ O‘(bEA)SM

~ o(gg,bb — A)gm

tan? 3 9

1+ 20,2 (1+28,)%+09

tan< 3
(14 2p)% 49

= ——mgputanf x I(m517m527m§)

37

o
+ ﬂAtﬂ tang x I(mflam{27ﬂ)

Either H ~ A or h~ A = another factor of 2
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Search for the MSSM Higgs bosons at LEP/Tevatron/. . .:

— investigate benchmark scenarios:

— Vary only M4 and tanpg
— Keep all other SUSY parameters fixed

1. my'?* scenario:
— obtain conservative tan g exclusion bounds (X; = 2 Mgysy)

2. NO-mixing scenario
— noO mixing in the scalar top sector (X; = 0)

3. small aesff SCENario
— hbb coupling ~ sinagff/ COSB can be zero: aegff — O:
main decay mode vanishes, important search channel vanishes

4. gluophobic Higgs scenario
— hgg coupling is small: main LHC production mode vanishes
[M. Carena, S.H., C. Wagner, G. Weiglein '02]

— u fixed (small impact on search for the lightest MSSM Higgs)
— CDM ignored (for certain (good) reasons)
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Existing Tevatron analyses: h/H/A — 77 (1 fb~1):

e 1> 0 No-mixing, p> 0 b = +200 GeV, M, = 200 GeV, m, = 0.8 M,
@100 Moy = 1 TeV, X = V6 Mgq, (M,™); M, = 2TeVX 0 (no-mixing)
c
S 90
80 |
70 _
60 = E
50 expected no mixing _§
40F papreli 10fb* D@ Preliminary, 1.0 fb™! =
e 1 v A CDFRunil 161 | 3
30 . $1If312§§f)fxpe°md MSSM 0—1T Search| 3
20 === CDF -1, 310pb"* Preliminary —
LEP .
10 —
07100 120 140 160 180 200 ° 100 120 140 160 180 200 80 100 120 140 2160 180 200
M, (GeV) M, (GeV) m, (GeVic?)
(DO '07] [CDF '07]

= Bounds on the MSSM parameter space for low M 4, high tang:
tan g ~ 50 excluded for M, ~ 100 GeV
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Existing Tevatron analyses: h/H/A — 77 (1 fb~1):

e 1> 0 No-mixing, p> 0 b = +200 GeV, M, = 200 GeV, m, = 0.8 M,
@100 Moy = 1 TeV, X = V6 Mgq, (M,™); M, = 2TeVX 0 (no-mixing)
c
S 90
80 |
70 _
60 = E
50 expected no mixing _§
40F papreli 10fb* D@ Preliminary, 1.0 fb™! =
e 1 v A CDFRunil 161 | 3
30 . $1If312§§f)fxpe°md MSSM 0—1T Search| 3
20 === CDF -1, 310pb"* Preliminary —
LEP .
10 —
07100 120 140 160 180 200 ° 100 120 140 160 180 200 80 100 120 140 2160 180 200
M, (GeV) M, (GeV) m, (GeVic?)
(DO '07] [CDF '07]

= Bounds on the MSSM parameter space for low M 4, high tang:
tan g ~ 50 excluded for M, ~ 100 GeV
in certain benchmark scenarios!
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Dependence of Tevatron bounds from bbg, ¢ — bb on u:
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

130 T T T T T I T T T T I T T T ] 130 T T T T T T T T I T T T T I T T T T I T T T T I T T T T
120 3 120 no-mixing, Tevatron: bbg, ¢ -> bb =
- m, ", Tevatron: bbg, ¢->bb ] c Mg sy = 1000 GeV 3
110 — 110 =
E —— K =-1000 GeV B E
100¢ —— | =-500 GeV E 100 ¢
90 F — [ =-200 GeV =

80F —— U =+200 GeV =

tanp
tanf

40F —— =-1000 GeV -

300 —— W =-500 GeV _E
E 3 o — u=-200GeV
20E E 20 —— W=+200GeV ]
10F = 10F H=+500 GeV
E 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3 =L 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3
90 100 110 120 130 140 150 920 100 110 120 130 140 150
M, [GeV] M, [GeV]

= strong variation with the sign and absolute value of u

= much stronger or weaker bounds possible
no bounds for p = 200 GeV
(positive pu preferred by (g —2)u)
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Dependence of Tevatron bounds from pp — ¢, ¢ — 7~ on e
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

130_|||| TTTT TTTT TTTT TTTT TTTT TTTT TTT TTTT TTTT TT T 130_|||| TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T TT

120 120
110 110
100 100
90 9
@ - @ -
I 80 :— . g 80 :_
: max : :

70 m, — (CDF), full &, — 70 no-mixing, Tevatron: ¢ -> 1t, full &,

i —— u=-300 E sof —— W =-300 GeV E

- —— pu=-200 ; C —— | =-200 GeV :

N —— [ =+200 E 50 —— 1= +200 GeV =

W= +500 ] i = +500 GeV. ]

40 —— = +1000 E 40 —— 1= +1000 GeV E

30IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: 30:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:

90 100 110 120 130 140 150 160 170 180 190 200 90 100 110 120 130 140 150 160 170 180 190 200
M, [GeV] M, [GeV]

= less strong variation with the sign and absolute value of u
(— numerical compensations in production and decay)

= still much stronger or weaker bounds possible
strong dependence on benchmark scenario
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Cold Dark Matter exists:

= It all fits together

1

Q

Qtot
Quh? = 0.13577508
Qph® = 0.0224 + 0.0009
Q,h? = 0.112+0.018

0.73

Q

QA

2y = dark matter
2 = dark energy ...

Supernova Cosmology Project

' No Big Bang

[

CcCMB

Supernovae

0

1

Qy

2

3
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How to define reasonable benchmark scenarios in agreement with CDM?

= choose a GUT model!

CMSSM (or mSUGRA):

= Scenario characterized by

mo, m]_/27 AOa tanﬁ) Sign:u

\

mo . universal scalar mass parameter

mq /5 @ universal gaugino mass parameter } gt the GUT scale

Ap :universal trilinear coupling

/

tan @8 : ratio of Higgs vacuum expectation values

sign(u) : sign of supersymmetric Higgs parameter

= no M 4—tan 3 planes in agreement with CDM possible
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How to define reasonable benchmark scenarios in agreement with CDM?

= choose a GUT modell
CMSSM (or mSUGRA):

= Scenario characterized by

mo, m]_/27 A07 tanﬁ) Sigﬂ,LL

NUHM: (Non-universal Higgs mass model)

Assumption:

no unification of scalar fermion and scalar Higgs parameters
at the GUT scale

= effectively M 4 and p free parameters at the EW scale

= besides the CMSSM parameters

My and p

= M —tan 3 planes in agreement with CDM possible!

Sven Heinemeyer, CDF collaboration meeting, Paris, 31.05.2007
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= M —tan 3 planes in agreement with CDM possiblel

But what about other constraints from
electroweak precision observables and B physics observables?

= y? test with:

1.

9.

©® N o 0o k& W N

W boson mass My,

effective leptonic weak mixing angle sin? f.¢

total Z boson width [ »

lightest Higgs boson mass 1/,

anomalous magnetic moment of the muon (g — 2),
b decay BR(b — s7v)

b decay BR(Bs — putpu)

b decay BR(B, — 7vr)

Bs mixing AMp,
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Results: NUHM: planes 2,3

min

NUHM, m = 1714, X, =7.1
1000, m, = 800

u
IITITTITTITITITITITITITTL

o Lo o Lo o Lo o Lo o Lo
Lo < < o™ o™ N N — —

duey

55

0000000

min

NUHM, m = 1714, X, =7.4
m,, = 500, m, = 1000

AP <461
AxX* < 2.30

[TTTTTTTTTITTIIT]TTT46000006606000400'
X Dbestfit
°
°
°
°
hd

Lo o Ln o Lo o Lo o To] o Lo
Lo Lo <t < (9p] ™ N N — —
duey

100 200 300 400 500 600 700 800 900 1000

0

100 200 300 400 500 600 700 800 900 1000

0

= good 2, larger regions o.K.
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Results:

NUHM: planes 4,5
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Sven Heinemeyer, CDF collaboration meeting, Paris, 31.05.2007 36



Tevatron reach in H/A — 777 planes 2,3

[J. Ellis, T. Hahn, S.H., K. Olive, G. Weiglein '07]
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= start to cut in the interesting regions
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Tevatron reach in H/A — 177 planes 4,5
[J. Ellis, T. Hahn, S.H., K. Olive, G. Weiglein '07]
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Q: Can YOU do phenomenology with these new benchmarks?
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Q: Can YOU do phenomenology with these new benchmarks?

A: YES!

Sven Heinemeyer, CDF collaboration meeting, Paris, 31.05.2007
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Q: Can YOU do phenomenology with these new benchmarks?

A: YES!

They are included in |FeynHiggs 2.6

(to be released in June 2007 (i.e. tomorrow?))

available at |www.feynhiggs.de

You specify:
— number of the plane
— M, and tanpg

You get:

— all low energy parameters

— Higgs masses and mixings

— all Higgs branching ratios

— all Higgs production cross sections
— further precision observables

Sven Heinemeyer, CDF collaboration meeting, Paris, 31.05.2007
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NUHM compatible with M4 ~ 160 GeV, tang 2 457

evt, ut channel

600 W =+200 GeV, M, = 200 GeV, m, = 0.8 M,
> Mge, = 1TV, X, = V6 Mg, (M ™); My o, =2 TeV, X, =0 (no-mixing)
500 40t .
30} =
400+ 20} . -
ol | = 7
3001 . . = ]
o 50 100 — ]
200} Mvis (GeV) . B :
CDF Run Il 1 fb-1 — -
100} MSSM ¢—tt Search| | = ]
Preliminary 3
O : - 7
5 y— _ expected no mixing
100} B ZA*—TT N E
N other EW, tt| ] CDFRunll 1 fb-1 E
[ jet fake E
10¢ ! «———— ma =160 GeV 1 MSSM 0—1T Search| 3
§ : Preliminary =
1 3 _E
0.1} . . , 80 100 120 140 160 180 200
(o) 50 100 150 200 250 mA (GeVIcZ)
myijs (GeV)
[CDF '07] [CDF '07]
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NUHM compatible with M4 ~ 160 GeV, tang 2 457

ev, ut channel

600 = M =+200 GeV, M, = 200 GeV, m_ = 0.8 My,
500 a0} IVISUSY= 1TeV, Xt =6 MSUSY (mhmax); Msusy= 2 TeV, Xt =0 (no-mixing)
30 | -
400+ 20| i -
300 of -
9635 :—
200+ myis (GeV) _ -
CDF Run Il 1 fb-1 —
100 MSSM ¢—7t Search| | -
Preliminary

expected no mixing

[ IA—>1:1: ]

100¢ mn Z/y*—tT |-
W other EW, tt | : CDFRun Il 1 fb-1
[ jet fake ]

1o ! e ma=160GeV 1 MSSM 0—17 Search
§ ] Preliminary
1E

5 0

0.1¢ . . . 80 100 120 140 160 180 200
o 50 100 150 200 250

i (GeV) m, (GeV/c?)
VIS

[CDF '07] [CDF '07]

YES! With important consequences!
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NUHM parameters:

M4 = 160 GeV, tan3 = 45-55

my jp ~ 600 GeV, mg ~ 1000 GeV, Ag~ —1800 GeV, p ~ 400 GeV

.

——
M2108 12108/

400
400

my,» (GeV)

[J. Ellis, S.H., K. Olive, G. Weiglein '07]
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NUHM compatible with M4 ~ 160 GeV, tang 2 457

YES! With important consequences!

1. lightest Higgs mass: M;; < 115 GeV

2. anomalous magnetic moment of the muon: A(MSSM —SM) ~ 1 —2¢
3. b decay BR(b — sy) =3.5—-45x 10~

4. b decay BR(Bs — utp™) > 2x 1078

5. b decay BR(By — 7v+) : MSSM/SM ~ 0.33

6. direct detection of dark matter: CDMS or Xel0 should see
a signal very soon
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NUHM compatible with M4 ~ 160 GeV, tang 2 457

YES! With important consequences!

1. lightest Higgs mass: M < 115 Gev ... ... ...

Go for it!!

2. anomalous magnetic moment of the muon: A(MSSM —SM) ~ 1 —2¢

3. b decay BR(b — sy) =3.5—-45x 10~

4. b decay BR(Bs — putp-)>2x10"8 ...

Go for it!!

5. b decay BR(By — 7v+) : MSSM/SM ~ 0.33

6. direct detection of dark matter: CDMS or Xel0 should see
a signal very soon
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4. A short theorist’s wishlist

e Search for the SM Higgs boson

= it is most probably right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: SM-like

= it must be right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: the “heavy” Higgses

= You have a great search potential!
— Same as above
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4. A short theorist’s wishlist

e Search for the SM Higgs boson

= it is most probably right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: SM-like

= it must be right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: the “heavy” Higgses

= You have a great search potential!
— Same as above

— explore more models = vary u
= investigate new CDM benchmarks
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4. A short theorist’s wishlist

e Search for the SM Higgs boson

= it is most probably right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: SM-like

= it must be right around the corner!
— framework to combine channels/CDF and DO
— Cross section bounds

e Search for SUSY Higgses: the “heavy” Higgses

= You have a great search potential!
— Same as above

— explore more models = vary u
= investigate new CDM benchmarks

e — Please try as hard as you can, it is definitely worth the effort!
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